MicroRNAs (miRNAs) are a class of short endogenous RNA molecules with the ability to control development, autophagy, apoptosis and the stress response in eukaryotes by pairing with partially complementary sites in the 39 UTRs of targeted genes. Recent studies have demonstrated that miRNAs serve as critical effectors in intricate networks of host-pathogen interactions. Notably, we found that Bos taurus bta-miR-29b (referred to as miR-29b herein) was significantly upregulated .2.3-fold in bovine viral diarrhoea virus (BVDV) strain NADL-infected Madin-Darby bovine kidney (MDBK) cells 6 h post-infection compared with normal MDBK cells. However, the roles of miR-29b in BVDV infection and pathogenesis remain unclear. Here, we report the inhibitory effects of miR-29b on BVDV NADL replication and viral infection-related autophagy. miR-29b overexpression mediated by miRNA precursor-expressing lentivirus resulted in the attenuation of BVDV NADL infection-related autophagy by directly downregulating the intracellular expression levels of two key autophagy-associated proteins, ATG14 and ATG9A. Moreover, ATG14 and ATG9A overexpression rescue not only reversed miR-29b-inhibited autophagy, but also increased BVDV NADL replication. In previous studies, we found that the early stages of autophagy contributed to BVDV NADL replication in MDBK cells and that the inhibition of autophagy repressed BVDV NADL replication, which was also proved in the present study. Collectively, our results establish a novel link between miR-29b and viral replication, and also provide a new pathway for the intimate interaction between host cells and pathogens.
INTRODUCTION
Macroautophagy (autophagy) is a lysosome-dependent ubiquitous physiological mechanism that serves as a type of quality control in eukaryotic cells (Yao, 2010) . Autophagy principally serves an adaptive role to degrade dysfunctional proteins and to clean damaged organelles to maintain homeostasis in response to environmental stresses, such as pathogenic infection, nutrient deficiency and endoplasmic reticulum stress (Levine & Kroemer, 2008) . Over 30 autophagy-related genes (ATGs) have been previously reported to be involved in autophagy pathways in yeast (He & Klionsky, 2009; Mehrpour et al., 2010) . Of these, at least 18 ATG proteins are considered essential for autophagosome formation and are conserved from yeast to mammals, thereby suggesting that the mechanism of autophagosome formation is conserved from yeast to mammals (Burman & Ktistakis, 2010; Obara & Ohsumi, 2011) . ATG14, a specific subunit of the phosphatidylinositol 3-kinase multiple complex involved in autophagy, bridges three subunits, i.e. vacuolar protein sorting (VPS) proteins VPS30/ATG6 and VPS34 to form complex I, and VPS38 shares these common subunits with ATG14 to form complex II. Thus, both unique subunits serve as connectors to form phosphatidylinositol 3kinase multiple complexes (Obara & Ohsumi, 2011) . Complex I specifically possesses phosphatidylinositol 3-kinase activity, indicating that it is involved in autophagy (Kihara et al., 2001) . In contrast, complex II is involved in VPS via the endosomes (Kihara et al., 2001) . ATG14 localizes to preautophagosomal structures and vacuolar membranes, whereas VPS38p localizes to the endosomes and vacuolar membranes. Deletion analysis of ATG14 revealed that the Nterminal region containing the coiled-coil structures is essential and sufficient for autophagy (Obara et al., 2006) . ATG9A belongs to the ATG9 family localized in the preautophagosomal structures, and it is the only integral membrane ATG protein required for autophagosome formation and expansion in the autophagy pathways (Tamura et al., 2010; Tang et al., 2013) . The complex of ATG9A and ULK1 (unc-51-like kinase 1) is independently involved in the initial stages of autophagosome formation, which could be a general mechanism shared by canonical autophagy and selective mitophagy (Itakura et al., 2012) .
MicroRNAs (miRNAs) are a large family of small noncoding RNA molecules (~22 nt in length), and are a class of key post-transcriptional regulators that degrade target mRNAs or repress their translation in plants and animals (Filipowicz et al., 2008; Iorio et al., 2005) . miRNAs regulate the expression of target genes by binding to complementary sequences in the 39 UTRs of multiple target mRNAs (Fang & Rajewsky, 2011) . In mammals, miRNAs are predicted to affect the activity of approximately one-third of genes and to regulate almost all cellular processes, such as apoptosis, autophagy, cell death, cell differentiation and other major signalling pathways (Filipowicz et al., 2008; Kloosterman & Plasterk, 2006) . Following an unbiased screen of miRNAs affecting starvation-induced autophagy, miR-376b was found to control starvation-and mTOR (mammalian target of rapamycin)-related autophagy by directly regulating the intracellular levels of key autophagy regulators, i.e. ATG4C and BECN1 (beclin 1) (Korkmaz et al., 2012) . miR-30A selectively downregulated BECN1 and ATG5 expression, thus inhibiting autophagy in chronic myelogenous leukaemia (CML) cells, whereas miR-30Amediated autophagy enhanced imatinib activity resistance against CML (Yu et al., 2012) . Furthermore, miR-101, a novel tumour-suppressing miRNA, regulated autophagy by downregulating STMN1 (stathmin 1), RAB5A and ATG4D expression in breast cancer cells (Frankel et al., 2011) .
Bovine viral diarrhea virus (BVDV) is an enveloped, positivesense ssRNA virus that belongs to the genus Pestivirus within the family Flaviviridae (Lackner et al., 2004) . BVDV causes numerous diseases in cattle, including diarrhoea, haemorrhagic syndrome, reproductive disorders, respiratory disorders, persistent infections and mucosal disease, resulting in great economic losses to the cattle industry (Perdrizet et al., 1987) . In previous studies, we demonstrated that BVDV strain NADL infection significantly induced autophagy in Madin-Darby bovine kidney cells and increased the expression levels of two autophagy-related genes, BECN1 and ATG14. Moreover, we found that the early stages of autophagy contributed to BVDV NADL replication in MDBK cells (Fu et al., 2013) .
The differential expression of known miRNAs was evaluated in MDBK cells infected with BVDV NADL [100 TCID 50 (0.1 ml) -1 ] for 6 h compared with normal MDBK cells using Solexa high-throughput sequencing technology (BGI) (Gene Expression Omnibus accession number GSE61251 and Table S1 , available in the online Supplementary Material). Using this analysis, we found that the expression of Bos taurus bta-miR-29b (referred to as miR-29b herein; miRBase accession number MIMAT0003828) significantly increased in BVDV NADL-infected MDBK cells. Notably, we found that two of the predicted target genes of miR-29b were autophagy-associated genes, i.e. ATG14 and ATG9A. To investigate the effects of miR-29b on BVDV NADL replication and BVDV NADL infectionrelated autophagy, we constructed miR-29b-overexpressing lentivirus (lv). We found that the expression levels of miR-29b were upregulated significantly in BVDV NADL-and pre-miR-29b-lv-infected MDBK cells compared with the negative control. Moreover, we showed that BVDV NADL infection-related autophagy and BVDV NADL replication were inhibited as a result of miR-29b overexpression. Our findings provided further insight into the role of miRNA in antiviral defence in mammalian cells and underlined the important role of miR-29b in the control of BVDV NADL infection-induced autophagy.
RESULTS

BVDV NADL infection upregulates miR-29b expression
To determine if cellular miRNAs were involved in the host response to BVDV NADL infection, we performed differential expression profiling of miRNAs in BVDV NADL-infected MDBK cells. The results showed that miR-29b expression was increased significantly (Gene Expression Omnibus accession number GSE61251 and Table S1 ). To further confirm the expression of miR-29b, the miR-29b expression levels were analysed by TaqMan real-time (RT)-PCR in BVDV NADLinfected cells. At 0, 6, 8 12, 24 or 36 h post-infection (p.i.) with BVDV NADL, the cells were harvested and subjected to total RNA extraction. miR-29b expression levels were determined by TaqMan RT-PCR using U6 small nuclear 1 (RNU6-1) mRNA as an internal control. The results demonstrated that miR-29b expression levels were increased significantly in cells within 6-36 h p.i. with BVDV NADL (Fig. 1a ).
miR-29b is upregulated in pre-miR-29b-lvinfected MDBK cells B. taurus pre-miR-29b was amplified from the DNA genome of MDBK cells and cloned into the lentiviral vector plv-td-Tomato. miR-29b expression levels were detected by TaqMan RT-PCR in MDBK cells treated with different methods. The results showed that miR-29b expression was upregulated significantly at 12 h p.i. with pre-miR-29b-lv. In contrast, Antagomir-29b transfection significantly inhibited miR-29b expression within 24-48 h post-treatment ( Fig. 1b) . These data indicated that miR-29b expression was upregulated by pre-miR-29b-lv infection and downregulated by Antagomir-29b treatment.
Identification of autophagy-related targets of miR-29b
Identification of the functional target sequences of miR-29b is necessary to determine the regulatory effects of this miRNA on autophagy. Analyses with the TargetScan and MicroCosm Targets bioinformatics tools led us to discover miR-29b miRNA response elements (MREs) in the 39 UTRs of two key autophagy regulators, ATG14 and ATG9A ( Fig. 2a ). To verify these potential targets, the partial 39 UTR sequences of ATG14, ATG9A and their corresponding mutations were cloned into the pmirGLO dual-luciferase reporter vector ( Fig. 2b ). Firefly and Renilla luciferase activities were measured in MDBK cells co-transfected with the indicated 39 UTRs and miRNA combinations. Compared with the cells treated with Antagomir-29b and the negative control, the normalized relative light units (RLU; the firefly : Renilla luciferase ratio) were reduced significantly in cells cotransfected with pmirGLO-ATG14 or pmirGLO-ATG9A and plv-td-Tomato-pre-miR-29b ( Fig. 2c, d) . The mRNA and protein levels of these targets were determined by RT-PCR and Western blotting analysis, respectively, in differentially treated cells. In the pre-miR-29b-lv-infected cells, the ATG14 and ATG9A mRNA levels ( Fig. 2e , f) were downregulated by more than twofold and the protein levels of these targets were reduced significantly ( Fig. 2g ). In conclusion, these findings suggested that miR-29b directly targeted ATG14 and ATG9A and that miR-29b significantly inhibited the mRNA and protein expression of these targets.
Effects of miR-29b overexpression on BVDV NADL replication levels
To investigate the influence of miR-29b regulation of BVDV NADL replication, the cells and culture supernatants were harvested following different treatments and subjected to BVDV NADL replication analysis using RT-PCR and virus titration over a series of time points. As shown in Fig. 3(a) , the mRNA levels of BVDV NADL E1 were decreased as a result of miR-29b overexpression in cells within 12-36 h p.i. To further confirm this finding, the titres (TCID 50 ) of BVDV NADL harvested from infected cells were determined. miR-29b overexpression lowered BVDV NADL titres at 12, 24 and 36 h p.i. compared with the negative control. Most significantly, the BVDV NADL titre of the pre-miR-29b-lv sample was~1.0 log TCID 50 ml -1 lower than that of the Antagomir-29b-treated sample at 36 h post-treatment ( Fig. 3b ). Collectively, these data indicated that miR-29b overexpression suppressed BVDV NADL replication.
Overexpression of miR-29b represses BVDV NADL infection-related autophagy
To explore the effects of miR-29b on the regulation of BVDV NADL infection-induced autophagy in cells treated with BVDV NADL and miRNA, a fluorescence microscope was employed to evaluate GFP-LC3 (microtubule-associated protein-1 light chain 3) puncta formation and the mean number of autophagy-positive cells in 10 randomly selected fields (~320 cells). As shown in Fig. 4(a, b) , miR-29b overexpression significantly inhibited the formation of GFP-LC3 puncta. Moreover, the autophagy-related p62/SQSTM1 degradation was blocked in miR-29b-overexpressing MDBK cells (Fig. 4c ). In contrast, autophagic activities increased in Antagomir-29b-transfected MDBK cells. Together, these data indicated that miR-29b overexpression suppressed BVDV NADL infection-induced autophagy.
Overexpression of ATG14 and ATG9A together with miR-29b rescues MDBK cells from the inhibitory effect of miR-29b on autophagy and reverses BVDV NADL replication
Rescue experiments were performed to confirm that ATG14 and ATG9A downregulation was related directly The target MREs of autophagy-associated genes
Q. Fu and others to miR-29b overexpression. In this experiment, to determine if the expression levels of ATG14 and ATG9A were increased, total RNA was extracted from the cells following various treatments and subjected to RT-PCR analysis. As shown in Fig. 5(a, b) , the mRNA levels of ATG14 and ATG9A were elevated significantly within 12 and 48 h after ATG14-lv and ATG9A-lv infection even though miR-29b was overexpressed compared with the negative control. Furthermore, ATG14 and ATG9A protein levels in cells co-infected with ATG14-lv and ATG9A-lv for 48 h were measured, and Western blot analysis indicated that the amounts of ATG14 and ATG9A protein increased significantly in ATG14-lv-and ATG9A-lv-infected cells at 48 h p.i. compared with the negative control ( Fig. 5c ). Collectively, these results indicated that ATG14 and ATG9A were overexpressed in ATG14-lv-and ATG9A-lvinfected cells.
To further examine if ATG14 and ATG9A expression inhibition corresponded to a reduction of autophagic activity, fluorescence microscopy and Western blotting were performed to evaluate the autophagic activity in cells co-overexpressing ATG14 and ATG9A. Notably, the mean number of GFP-LC3 puncta-positive cells was reversed in cells co-infected with ATG14-lv and ATG9A-lv ( Fig. 5d, e ).
Western blotting analysis indicated that the amounts of p62/SQSTM1 protein were significantly decreased in ATG14-and ATG9A-overexpressing cells compared with the negative control (Fig. 5f ). Collectively, these results indicated that the autophagy blockage by miR-29b was rescued back to or over the control level upon co-infection of cells with lentiviruses expressing ATG14 and ATG9A, thereby showing that miR-29b blocked BVDV NADL infection-related autophagy by modulating the expression of the autophagy-related proteins, ATG14 and ATG9A.
To further demonstrate that miR-29b modulated BVDV NADL replication through its effects on autophagy, lentiviruses expressing ATG14 and ATG9A were transduced into MDBK cells along with miR-29b and BVDV NADL, and BVDV NADL replication levels were detected by RT-PCR and virus titration. As shown in Fig. 5(g) , BVDV NADL E1 mRNA levels increased significantly in cells co-infected with ATG14-lv and ATG9-lv, which was further proved by the results of the replication kinetics analysis. ATG14 and ATG9A overexpression increased BVDV NADL titres within 12-36 h post-treatment compared with the negative control (Fig. 5h ). This result indicated that ATG14 and ATG9A overexpression reversed BVDV NADL replication. Collectively, these results demonstrated that miR-29b modulated BVDV NADL replication through its inhibitory effects on autophagy by directly downregulating ATG14 and ATG9A expression.
DISCUSSION
To date, researchers have demonstrated that several miR-29 members (miR-29a, -29b, -29c, -29d and -29e) have an antiviral activity against pathogens. Overexpression of miR-29c in HepG2.2.15 cells effectively suppresses TNFa-induced protein 3 expression and hepatitis B virus DNA replication; this overexpression also inhibits cell proliferation and induces apoptosis (Wang et al., 2011) . Hepatitis C virus (HCV) infection downregulates miR-29, and overexpression of miR-29 reduces HCV RNA abundance in hepatic stellate cells. Treatment with miR-29 mimics in vivo might inhibit HCV whilst reducing fibrosis (Bandyopadhyay et al., 2011) . Furthermore, numerous studies have shown that the fibrosis of different organs, such as the liver (Roderburg et al., 2011) , kidney (Qin et al., 2011) and heart (van Rooij et al., 2008) , is closely associated with the miR-29b family. In our study, we demonstrated that miR-29b is upregulated significantly in BVDV NADL-infected MDBK cells at 6 h p.i. Furthermore, our study established that miR-29b functions not only to inhibit BVDV NADL infection-related autophagy by directly attenuating the autophagy-related proteins ATG14 and ATG9A, but also to suppress the replication of BVDV NADL, which provides an insight into the multiple roles of the miR-29 family from another perspective.
Autophagy likely evolved not only to maintain cellular homeostasis, but also to protect cells from virus attacks, thereby suggesting that autophagy serves as a potential antiviral mechanism. Beclin, a cellular autophagy-related protein, is a novel Bcl-2-interacting cellular protein that decreases Sindbis virus replication and Sindbis virusinduced apoptosis in mouse brains (Liang et al., 1998) . However, research has indicated that cellular autophagy is usurped by pathogens in ways that benefit their replication. Nef, a viral accessory protein of human immunodeficiency virus-1 (HIV-1) (Foster & Garcia, 2008; Olivieri et al., 2011) , interacts with beclin 1 and blocks the maturation step of autophagy which prevents the destruction of HIV-1 in the early steps of autophagy (Kyei et al., 2009) . Our present results illustrate that miR-29b overexpression mediated by pre-miR-29b-lv significantly inhibits the autophagy-related regulators ATG14 and ATG9A, and suppresses BVDV NADL infection-related autophagic activity. Additionally, ATG14-and ATG9A-overexpressing lentivirus co-infection not only prevented the inhibitory effect of miR-29b on autophagy in MDBK cells, but also reversed BVDV NADL replication. In our previous study, we confirmed that treatment with autophagy inhibitors (3-methyladenine and wortmannin) significantly downregulated BVDV NADL 59 UTR mRNA levels and suppressed BVDV NADL replication (Fu et al., 2013) , which provides further support for our results.
Recent studies have highlighted the important roles of miRNAs as critical effectors in the intricate networks of host-pathogen interactions (Ghosh et al., 2009; Tsunetsugu-Yokota & Yamamoto, 2010; Zheng et al., 2013) . Many miRNAs have been implicated in inhibiting the replication of viruses by directly targeting their genomes. miR-24 and miR-93 target the viral large protein (L protein) and phosphoprotein (P protein) genes of vesicular stomatitis virus (VSV), and the lack of these miRNAs increases VSV replication in Dicer1 d/d cells (Otsuka et al., 2007) . Liverspecific miR-122 interacts with the 59 end of the HCV RNA genome, resulting in increased viral RNA abundance (Jopling et al., 2008) . In our previous studies, we demonstrated that 3-methyladenine (an autophagy inhibitor), wortmannin (an autophagy inhibitor) and lentivirusmediated RNA interference targeting LC3 and beclin 1 inhibit autophagic activities, and we also demonstrated that autophagic activity was suppressed by miR-29b overexpression through the direct targeting of ATG14 and ATG9A, thus inhibiting their expression. Additionally, we found that ATG14 and ATG9A overexpression rescued MDBK cells from the inhibitory effect of miR-29b on autophagy and reversed BVDV NADL replication. Therefore, we infer that autophagy inhibition mediated by miR-29b overexpression prevents BVDV NADL replication, which may be a novel antiviral strategy in host cells.
METHODS
Cells and virus. MDBK and human embryonic kidney (HEK)-293T cell lines were purchased from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China) and cultured according to standard protocols. The cell culture media and nutritional supplements were purchased from Thermo Fisher. The cells and culture media were pretested for the absence of BVDV and anti-BVDV antibodies.
BVDV NADL was purchased from the National Institutes for Food and Drug Control (Beijing, China). Prior to infection, the TCID 50 was determined by the Reed-Muench method (Reed & Muench, 1938) .
Lentivirus production and infection. The plv-td-Tomato plasmid was constructed from the pLentiLox3.7 (pLL3.7) vector with EGFP (bases 3704-4427) replaced by the td-Tomato gene (GenBank accession number FJ389163.1). The pre-miR-29b fragments were cloned into the HpaI and XhoI sites of plv-td-Tomato downstream of the U6 promoter. The primers for pre-miR-29b are listed in Table S2 . Viral particles were generated by transient transfection of HEK-293T cells with the recombinant or empty lentiviral plasmid along with the helper plasmids (pRSV-Rev, pCMV-VSVG and pMDLg/pRRE) using a HET transfection reagent kit (Biowet) (Tiscornia et al., 2006) . The cell culture supernatant was collected at 48 h post-transfection and titrated. The titrated viral suspension mixed with Polybrene (8 mg ml 21 ; American Bioanalytical) was used to infect MDBK cells. Antagomir-29b, a chemically modified antisense oligonucleotide of miR-29b, was obtained from GenePharma.
TaqMan RT-PCR for miR-29b quantification. Total RNA was extracted from cells infected with BVDV NADL [100 TCID 50 (0.1 ml) -1 ], cells infected with pre-miR-29b-lv (m.o.i. 5), cells infected with plv-td-Tomato-lv (m.o.i. 5) or cells transfected with Antagomir-29b (400 pmol) using a miRcute miRNA isolation kit (Tiangen). Total RNA (2 mg) was reverse transcribed to cDNA using a miRcute miRNA First-Strand cDNA Synthesis kit. TaqMan RT-PCR was performed using a FastStart Universal Probe Master kit (Roche) on a LightCycler 480 Real-Time PCR System (Roche) as described previously (Korkmaz et al., 2012) . mRNA changes were quantified with the 2 2DDCt method (Livak & Schmittgen, 2001) using RNU6-1 mRNA as a control. The primers for quantifying mRNA levels are listed in Table S2 .
Target prediction. The prediction of miR-29b targeting of two key autophagy-associated regulators, ATG14 (GenBank accession number NM_001192099, bases 1456-1462) and ATG9A (GenBank accession number NM_001034706, bases 298-305), was performed using online bioinformatics tools: TargetScan 6.2 (www.targetscan.org) and MicroCosm Targets 5 (www.ebi.ac.uk/enright-srv/microcosm/cgibin/targets/v5/genome.pl).
Dual-luciferase reporter assay. To further investigate if miR-29b directly targeted ATG14 and ATG9A, DNA fragments containing the ATG14 and ATG9A 39 UTRs as well as their corresponding mutations were amplified and cloned into the SacI and XbaI restriction sites of the pmirGLO dual-luciferase reporter vector (Promega). MDBK cells were plated into 96-well plates (Corning) prior to co-transfection with the recombinant dual-luciferase reporter plasmids and recombinant lentiviral plasmids or Antagomir-29b using X-tremeGENE HP DNA transfection reagent (Roche). At 48 h post-transfection, the firefly and Renilla luciferase activities were determined using the dualluciferase reporter assay system (Promega) following the manufacturer's instructions. The results are given as firefly luciferase activity normalized to Renilla luciferase activity.
RT-PCR. Monolayer MDBK cells were treated with plv-td-Tomato-lv (as a negative control), pre-miR-29b-lv or Antagomir-29b. At 8 h post-treatment, the medium was replaced followed by BVDV NADL [100 TCID 50 (0.1 ml) -1 ] infection. At 48 h p.i, the cells were harvested and subjected to total RNA extraction using a total RNA extraction kit (Tiangen). First-strand cDNA was generated from 2 mg total RNA using a reverse transcription kit (Tiangen) according to the manufacturer's instructions. RT-PCR was performed to determine the transcription levels of ATG14 and ATG9A, and glyceraldehyde 3phosphate dehydrogenase (GAPDH) was used as a reference control. The primers for B. taurus ATG14 and ATG9A are shown in Table S2 . Data analysis was performed as described above.
Western blotting analysis. MDBK cells (~10 6 ) treated with plv-td-Tomato-lv, pre-miR-29b-lv, Antagomir-29b or BVDV NADL as described above were lysed with cell lysis buffer containing 1 mM PMSF (Solarbio On: Sat, 22 Dec 2018 08:12:48 extraction, reverse transcription and RT-PCR analysis were performed as described above. The primers for BVDV NADL E1 are listed in Table S2 .
Virus titration was performed as described previously (Zheng et al., 2013) . Briefly, viruses were titrated by inoculation of 10-fold dilutions. A virus dilution (0.1 ml) was inoculated into each well with eight wells per dilution and the cytopathic effect was observed under a microscope (IX71; Olympus ) after 3-6 days. The virus titre, expressed as the TCID 50 , was calculated by the Reed-Muench endpoint method (Svensson et al., 1999) .
BVDV NADL infection-related autophagic activity analysis. To investigate if BVDV NADL infection-induced autophagy was blocked by miR-29b, cells transfected with GFP-LC3 were treated with lentivirus or Antagomir-29b as described above. At 36 h posttreatment, the cells were infected with BVDV NADL for 12 h and the amount of p62/SQSTM1 was then detected as described above. GFP-LC3 puncta indicate defective fusion of autophagosomes with lysosomes and assessment of steady-state levels of autophagosomes by counting GFP-LC3 puncta can be used to specifically monitor autophagic activity (Klionsky et al., 2012; Mizushima, 2004) . Therefore, the number of GFP-LC3 puncta was analysed using fluorescence microscopy.
Fluorescence microscopy. To monitor autophagic activity, the cells were washed with 0.1 M ice-cold PBS and subsequently fixed with 4 % paraformaldehyde (Solarbio) for 30 min. Ten individual fields were selected randomly from each group of fixed cells to quantify the percentage of GFP-LC3 puncta under a fluorescence microscope (TE2000; Nikon).
Rescue of ATG14 and ATG9A. To further validate that ATG14 and ATG9A downregulation played a role in the autophagy-related effects of miR-29b, we performed rescue experiments by overexpressing ATG14 and ATG9A. ATG14-and ATG9A-overexpressing lentiviruses were constructed by cloning ATG14 and ATG9A into pLEX-MCS, and the resulting vectors were transfected into HEK-293T cells with helper plasmids (pSPAX2 and pMD2.G). The viruses were used to coinfect a monolayer of MDBK cells (~70-80 % confluence) along with plv-td-Tomato-lv, pre-miR-29b-lv or Antagomir-29b treatment followed by BVDV NADL infection as described above. RT-PCR, fluorescence microscopy and Western blot analyses were performed to determine autophagic activities, BVDV NADL E1 mRNA levels, and the expression levels of ATG14 and ATG9A. The primers for ATG14, ATG9A and BVDV NADL E1 are listed in Table S2 . A TCID 50 evaluation was performed to detect BVDV NADL replication levels as described above.
Statistical analysis. Statistical analysis was performed using SPSS 17.0 for Windows. Asterisks indicate statistical significance determined by Student's t-test (*P,0.05; **P,0.01).
